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ABSTRACT 
The synthesis of several N-chlorosulfonyl-g-lactams and 
their rearrangements have been carried out via CSI 
(chlorosulfonylisocyanate) reaction. The mechanism of g_ 
lactam synthesis as well as its rearrangements were also 
studied. The characterization of g-lactams was performed with 
IR, 1H and 13C NMR, and HRMS. g-lactams 2-chlorosulfonyl-l-
methyl-2-azabicyclo[4.2.0]octan-3-one (71), l-chlorosulfonyl-
4-methyl-4- (phenylmethyl)azetidin-2-one (74) and l-
chlorosulfonyl-4,4-(diphenylmethyl)azetidin-2-one (75) were 
synthesized for the first time. g-lactam 4-chlorosulfonyl-
3, 9, 9-trimethyl-4-azatricyclo [6. 1. O. 03 ' 6 ] nonan-5-one ( 73) was 
obtained as crystalline solid instead of liquid. 
Different effects, such as temperature, sol vents and 
catalysts, on the rearrangement of the g-lactam 74 have been 
studied. There was no expected rearrangement to r-lactam 
observed, and usually the unsaturated amide resulted. 
The rearrangement products of a g-lactam can be r-lactam, 
a,g- or g,r-unsaturated amide, and alkene, depending on the 
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Dr. T. Howard Black's research group has been engaged for 
a long time in the chemistry of B-lactones. These useful 
synthetic intermediates can be converted into butyrolactones, 1 
B, r-unsaturated carboxylic acids 2 and a-halo3 or alkyl 4 
butenolides. The ring expansion of B-lactones to r-lactones 
was the main focus in the early studies and was very 
successful, 5 as shown in Scheme I. Some analogous chemistry 
of B-lactams is also under active study, which includes the 
rearrangement of B-lactams to r-lactams by ring expansion. 
Previous students have shown6 that some B-lactams readily 
undergo thermal rearrangements to r-lactams through ring 
expansion, as shown in Scheme II, and we herein report the 
results of our further studies. 
B-Lactams and their syntheses are always one of the most 
interesting areas in the studies of antibiotics. 7 Staudinger 
et al. 8 synthesized the first B-lactam, N, 3, 3, 4, 4-penta-
phenylazetidinone (23) by the cycloaddition of diphenylketene 
with benzophenone anil. After Fleming's unexpected discovery 
of penicillin9 (24) and the antibiotic activity of the B-
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for synthesizing B-lactams, which is the center ring of the 
penicillins and other antibiotics. Other applications of B-
lactams are also found, for example, in making fibers by the 
polymerizations of some B-lactams. 12 
Our approach to B-lactams is by way of the cycloaddition 
of chlorosulfonylisocyanate (CSI) to alkenes, which was 
discovered by Graf in 1956, 13 ' 14 as shown in Scheme III. 
The mechanism of the [2+2] cycloaddition is not 
completely understood, but the general explanation15 ' 
18
, 
19 is as follows (Scheme III): 
16' 17' 
First the C=C double bond of alkene (26) attacks the 
carbon of CSI (25) to form a n-complex18 (27) , an allyl-type 
stabilized carbonium ion. Then-complex 27 then rearranges to 
the 1,4-dipole (28) which finally forms the B-lactam (29). 
It is noted14 c that the formation of the carbocation in 28 
follows the Markovnikov rule, i.e., the carbocation in 28 
should be the more stable one. For example, R3 and/or R4 could 
be hydrogen atoms and R1 and R2 are usually alkyl or aryl 
groups. 
The cycloaddition reaction to form 29 is 
stereospecific, 20 ' 21 being dependent only on the trans or cis 
structures in 26. Therefore when the intermediate 27 is 
formed the conformation of the resulting B-lactam 29 is no 
-5-
longer changed. 
In the case of cyclic compounds containing C=C on the 
ring, according to Moriconi et al., 1 8 ' 2° CSI attacks the double 
bonds at the exo-position to produce cis g-lactams. 
A competitive pathway14c. 15 to the g-lactam forming 
reaction is the formation of the unsaturated N-
chlorosulfonylamides 30 or 31, as shown in Scheme IV. The 
ratio of lactam and unsaturated N-chlorosulfonylamide is 
determined by the differently substituted structures of 
alkenes and usually the lactam is the predominant compound. 
Since our main concern was the cycloaddition, the products of 
the side reaction in our studies were not collected. 
The CSI reaction provides a simple way to obtain g-lactam 
moieties since the N-chlorosulfonyl group can be removed 
reducti vely by several methods. 22 • 23 ' 24 For example, in a 
solution with ether as solvent, the N-chlorosulfonyl group is 
removed by adding 25% aqueous sodium sulphite solution. 23 Our 
goal was to study the synthesis of N-chlorosulfonyl r-lactams 
through the ring expansion of N-chlorosulfonyl g-lactams. 
Therefore, the reduction of the N-chlorosulfonyl groups was 
not performed in our studies. 
Some r-lactams 25 ' 26 have also been found to possess 
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have shown resistance to antibiotic 8-lactams. It is also 
possible for some r-lactams to undergo polymerizations27 for 
making fibers. These promise the synthesis of r-lactams to 
have great application in both biochemical and chemical 
industries. 
Although studies on r-lactams are not as common as those 
on 8-lactams, there are many different ways 11a to synthesize r-
lactams such as ring-closure, 25 ' 28 cycloaddition, 29 
rearrangement, 30 oxidation, 31 and others. 32 
The synthesis of N-chlorosulfonyl r-lactams is usually 
executed by way of the CSI reaction. Graf and Biener33 ' 14c 
synthesized the first N-chlorosulfonyl r-lactam (36) from 
camphene (32) using CSI (Scheme V). Paquette et al. derived 
several r-lactams (with the N-chlorosulfonyl group removed 
after the cycloaddtions) from alkenes34 ' 35 as well as 
bicyclic hydrocarbons36 using CSI (Scheme VI) . Furst and co-
workers37 obtained the r-lactam (49) from a-pinene (47) 
(Scheme VII) . Sasaki and colleagues38 also synthesized the 
r-lactam (36) from camphene (Scheme V) I r-lactam (49) from Q!-
pinene, and r-lactam (53) from 8-pinene (SO) (Scheme VII) . 
The rearrangement from N-chlorosulfonyl 8-lactams to r-
lactams has been studied by several investigators. 33 ' 37 ' 38 The 
































process in which the conversion37 • 38 occurs spontaneously at 
room temperature (Scheme VII; see also Scheme XVIII for 
detail) . In the case of rearrangement from the B-lactam (51) 
to the r-lactam (53) , 38 however, the a,B-unsaturated amide (52) 
also resulted. A similar result, 33 compound 34, is shown in 
Scheme V. Further studies of the rearrangements from N-
chlorosulfonyl B-lactams to r-lactams have evidently not been 
carried out. Our studies were, therefore, undertaken with the 
aim of making this conversion possible in a simple manner for 
the synthesis of r-lactams. 
Postulations on the mechanism of the rearrangement from 
an N-chlorosulfonyl B-lactam (29b) to a r-lactam (56) have not 
been reported in the literature; it is here suggested, as 
shown in Scheme VIII, to be analogous to the B- to r-lactone 
ring expansion. 1a, 5 Due to its strained four-membered ring, 
the B-lactam ring tends to cleave under appropriate 
conditions. 39 The polar chlorosulfonyl group here plays a 
very important role6 • 40 due to its strong electron-withdrawing 
force, increasing the polarity of the N1 -C4 bond and thus 
increasing the ease with which it undergoes heterolysis. 
Previous studies41 showed that normal B-lactams (without the 
N-chlorosulfonyl group) would not undergo rearrangement to r-
lactams, even in the presence of Lewis acid catalysts such as 
-11-
Scheme VIII 
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MgBr2 , ZnC1 2 , TiC1 4 , BF3 or A1Cl 3 • 
The formation of the more stable carbocation 55 than 54 
is also a very important feature in the rearrangement. 6 
Therefore we needed to select alkenes which could provide more 
stable carbocations adjacent to the C4 atom, such as R3 C+ and 
ArCH/, for the ring expansion of B-lactams to occur. 
Since the rearrangement from an N-chlorosulfonyl B-lactam 
to a r-lactam is a thermal process, 37 ' 38 it would be expected 
that the rearrangement takes place more readily when the 
temperature is adequately increased. 38 Usually room 
temperature has been adequate for the rearrangement to 
occur. 6, 37, 38 
From the studies1 a on the rearrangement of B-lactones to 
r-lactones, in many cases, the two migrating bonds (e.g., 
bonds N1 -C4 and C5 -R3 in Scheme VIII) must be antiperiplanar to 
each other for the migration to occur. 
Also analogous to the studies on the B- to r-lactone 
rearrangement, 2 and from other studies, 33 ' 37 ' 38 the possible by-
products might be CJ., B- or B, r-unsaturated amides (Scheme 
VIII) . 
The alkenes used in this study were either obtained 
commercially or synthesized from ketones via the Takai 
protocol, 42 • 43 as shown in Scheme IX. 
-13-
It is possible to use substituted diiodomethanes or 
dibromomethanes43 to make alkenes of more versatile structures 
and then B-lactams with C2 substituents. Because the main 
interest of this study was the ring expansion of N-
chlorosulfonyl B-lactams to r-lactams through rupture of the 
N1 -C4 bond and formation of the N1 -C5 bond (Scheme V) , we 
needed only alkenes 59 for the convenience of getting the 4, 4-
disubstituted-N-chlorosulfonyl B-lactams (R3 = R4 = H in Scheme 
III [pg 4]) . 
Further detailed discussion on the synthesis of N-
chlorosulfonyl B-lactams and their rearrangements including 
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RESULTS AND DISCUSSION 
Synthesis of Alkenes. Several alkenes were synthesized 
~o act as substrates in chlorosulfonylisocyanate (CSI) 
reactions (Scheme X) . Table 1 summarizes the alkene products 
synthesized from ketones by the Takai reaction, 42 ' 43 which is 
an alternative of the Wittig reaction. 44 It is worth 
pointing out that the amount of diiodomethane could be 
decreased to almost half of the recommended amount42 (from 5 
eq. to 3 eq.) with no yield decrease. The amount of zinc dust 
was also decreased to nearly half of the recommended amount 
(from 9 eq. to 5 eq.). 42 
All alkenes were characterized by IR, NMR, and 63, 65 and 
67 also by HRMS spectroscopy. 
Synthesis of N-Chlorosulfonyl-S-lactams. This is a one 
step reaction, as shown in Scheme XI, starting with adding 
one equivalent of alkene 26 to 40 mL of anhydrous ethyl ether 
with stirring under nitrogen, followed by two equivalents of 
CSI, dropwise. After being stirred at room temperature for 24 
hours, the mixture was worked up with water to yield the crude 
product (yellow oil), which was then purified through a silica 
-16-
Table 1. Synthesis of alkenes from ketones 
entry ketones products yield(%) 
1 60 61 85.4 
2 62 63 75.8 
3 64 65 62.0 
4 66 67 67.3 
gel column with dichloromethane as the eluent. The final 
products were either colorless oils or white crystals. 
The predominant spectral characteristics of N-
chlorosulfonyl :IS-lactams are a strong carbonyl strech at 1810-
1800 cm- 1 and two sulfonyl stretches at 1410-1380 cm- 1 and 
1200-1170 cm- 1 , which are consistent with literature values. 37 ' 
38, 45, 46, 47 1H and 13C NMR spectra were also in agreement37 ' 
38 with the N-chlorosulfonyl :IS-lactams assigned. High-
resolution GC/MS analysis48 of the samples (73, 74 and 75) 
also confirmed our assignments. The characterization of the 
:IS-lactams will be discussed in detail later. 
Our initial efforts involved attempts to synthesize the 
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allylbenzene is commercially available and can theoretically 
form a relatively stable benzylic carbocation upon 
rearrangement of the cation from the 8-lactam ionization. 
But no 8-lactam resulted, even though the amount of CSI was 
doubled or reaction time was considerably extended (48-72 
hours) . Since the CSI reactions to make 8-lactams are usually 
carried out at temperatures lower than O °C (often down to -78 
oc) , 38 • 45 ' 46 ' 47 the reaction temperature was then decreased to 
-10 °C and lower, but the result was the same. It turned out 
68 was not consumed completely, and up to about 40% of 68 
(confirmed by TLC, IR and NMR spectra) could be recovered 
after work-up. 
This unexpected result is in conflict with the previous 
studies6 (third eqn. in Scheme II [pg 3]). The comparison of 
the two studies is not possible, since the previous researcher 
left with lab notebooks and spectra. 
Previous studies14c, 49 have shown that mono-substituted 
alkenes react with CSI most slowly, and tri- (and tetra-) 
substituted alkenes react with CSI most rapidly. Therefore 
the commercially available 1-methyl-1-cyclohexene (70), 3-
carene (72) and a-pinene (47) were chosen, and they were 
expected to undergo the same type of reaction. (Scheme XII). 
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in 72. 6% yield. The structure of 71 was determined as 2-
chlorosulfonyl-1-methyl-2-azabicyclo [4. 2. O] octan-3-one by IR 
( 181 O , 13 9 6 and 116 5 cm-1 ) , 1 H and 13 C NMR . But 71 was not 
stable and rearranged (this will be discussed later) . 
The addition of 72 to CSI (Eqn. 3) afforded 73 in 56.7% 
yield which was assigned as 4-chlorosulfonyl-3, 9, 9-trimethyl-
4-azatricyclo [6 .1. O. 03·6 ] nonan-5-one by IR (1806, 1395 and 1178 
cm-1) , 1H, 13C NMR and high resolution GC/MS, 48 which were in 
agreement with the literature38 except that we obtained 
crystals (m.p. 61-62 °C) instead of a liquid. 
The reaction of 47 with CSI (Eqn. 4) afforded directly 
the r-lactam (49) in 54.6% yield. The structure of 49 was 
characterized as 3-chlorosulfonyl-1,8,8-trimethyl-3-
azatricyclo[4.2.l.03'7]nonan-4-one by IR (1766, 1402 and 1172 
cm-1), 1H and 13C NMR, and was consistent with the literature 
values, 37 ' 38 except that the melting points in two literature 
sources are 75-76 °C37 and 85-87 °C, 38 but ours is 66-67 °C. 
TLC showed there were no starting alkenes remaining at 
the end of these three reactions. 
The studies on the reactions of 2 - (phenyl methyl) -1-
propene (61) and 3-phenyl-2-(phenylmethyl)-l-propene (63) with 
CSI were also carried out, because they both are disubstituted 
alkenes and have benzylic carbon atoms (Scheme XIII) . There 
-21-
were no r-lactams resulted as expected, 6 and only crystalline 
s-lactams 74 (in 26.7% yield) (Eqn. 5), and 75 (in 51.3% 
yield) (Eqn. 6), respectively, were obtained. The structure 
of 74 was determined as 1-chlorosulfonyl-4-methyl-4-
(phenylmethyl) azetidin-2-one by IR (1802, 1395 and 1170 cm- 1 ), 
1H, 13C NMR and high resolution GC/MS. 48 The structure of 75 
was assigned as 1-chlorosulfonyl-4, 4- (diphenylmethyl) azetidin-
2-one by IR (1805, 1395 and 1170 cm- 1 ), 1H, 13C NMR and high 
resolution GC/MS. 48 
TLC showed a small amount of starting alkenes at the end 
of the two reactions. 
Two other alkenes were also treated with CSI: 2, 3-
diphenyl-1-pentene (65) and 1-cyclobutyl-1-phenylethene (67) 
(Scheme XIV). However, no lactams were obtained in the CSI 
reactions. These results were also in conflict with the 
previous studies6 (second eqn. in Scheme II [pg 3]), but 
analogous to those of other studies on the synthesis of B-
lactones, in which trimethylsilylketenes were reacted with 
aldehydes or ketones to yield a,B-unsaturated acids (Scheme 
XV) . so When a conjugated aldehyde was used, there was no 
reaction observed (second eqn. in Scheme XV) . 51 
Some starting alkenes were also observed with TLC at the 
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The above studies showed that the trisubstituted alkenes 
such as 70, 72 and 47 can be consumed completely in the CSI 
reactions, while disusti tuted alkenes (two subs ti tuents bonded 
to the same vinyl carbon) 61 and 63 were recovered in small 
amount, and monosubstituted alkenes such as 68 were recovered 
in much greater amount (e.g., 40% for 68). 
Table 2 summarizes the synthesis of :fS-lactams. The 
yields are good except for 74, for which efforts will be 
needed to increase the yield. 
Characterization of N-Chlorosulfonyl-S-lactams by FT-NMR 
and GC/MS Spectroscopy. The structure assignments of 
compounds 71, 73, 49, 74 and 75 were based mainly on IR (for 
recognition of carbonyl and sulfone, as stated before), NMR 
evidence and high-resolution GC-MS data48 (for 73, 74 and 75). 
Compound 73 is here taken as example to illustrate the 
characterization process. 
Compound 73 is a white crystalline solid, m.p. 61-62 °C. 
Its NMR spectra (o in ppm) are shown as Figures 1 (1H), 2 
(COSY) , 3 (13C), 4 (DEPT) and 5 (HETCOR) . 52 
The numbers of carbons and hydrogens are determined from 
Figure 3 [11 lines (11 carbons) except three lines for CDC1 3 ] 
and Figure 4 (16 hydrogens): three quaternary carbons (o 
-24-
Table 2. Synthesis of 8-Lactams by CSI with alkenes 
Entry Alkenes Products Yield(%) 
1 70 71 72. 6a 
2 72 73 56. 7b 
3 47 49 54. 6b 
4 61 74 26. 7b 
5 63 75 51. 3b 
a: Calcd after column chromatography. 
b: Calcd after column chromatography, with subsequent 
recrystallizatiion from hexane/ethanol (5:1). 
Note 
r-lactam 
164.64, Cs, C=O; 68.87, C3 ; 18.37, Cg); three CH carbons (6 
55. 91, c6; 17.42 I cl or 8; 16. 83 I Ca or 1) ; two CH2 carbons ( 6 
2 6 . 7 3 I C2 or 7; 1 7 . 0 3 I C7 or 2) ; three CH3 carbons ( 6 2 8 . 0 6 I 2 3 . 9 3 I 
14. 96) . Cs, C3 , Cg and C6 are assigned above simply with 
common NMR knowledge (more or less deshielding) .s2 Figure 1 
confirms H6 (6 3.07, most deshielding since C6 is a to the 
carbonyl) with one unit of integration. Figure 5 confirms the 
relation of C6 and H6 • 
The difference between C2 and C7 can be deduced from 
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Figure 4: DEPT Spectrum of B-Lactam 73 
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Figure 5: HETCOR Spectrum of 8-lactam 73 
two protons on C7 , o 2.27 (one unit of integration) and o 1.15 
are assigned as H7 e (equatorial) and H7 a (axial), 5 2 
respectively. Therefore, from Figure 5, C7 absorbs at o 
17. 03, and then C2 appears at o 26. 73; from the C2 -H2 relation, 
the o 2. 60 and o 1. 03 are assigned as H2 e (equatorial) and H2 a 
(axial), respectively (also from Figure 1) . 
Next we can assign H1 , Ha, C1 and Ca. Because H2 only 
couples to H1 , from Figure 2, H1 's chemical shift must be o 
0.81. Similarly, Ha's chemical shift is also o 0.81 
(overlapped, same in Figure 5) . By checking Figure 2 
carefully, one can conclude that o (H1 ) is a little larger 
than o (Ha), which leads us to assign the o 17.42 to C1 and o 
16.83 to Ca, respectively, from Figure 5. The two units of 
integration at o 0.81 in Figure 1 confirms the assignment. 
Finally, the three methyl groups can be assigned in the 
following way: due to the similar chemical environment, the 
methyl groups attached to the same Cg atom should have almost 
the same chemical shift, which gives rise to the methyl group 
(C10H3 ) attached to C3 with o 1. 68 (Figure 1) . Further 
considering the equatorial and axial positions on Cg, we can 
assign the equatorial methyl group (C11H3 ) with o 1. 07 and the 
axial methyl group ( C12H3 ) with o O. 98. Consequently, from 
Figure 5, C10 atom (attached to C3 ) has o 23. 93, the equatorial 
-31-
C11 has b 28.06 and the axial C12 has b 14.96. 
Comparison of the chemical shift values (as well as IR 
values) with those in the literature38 supported our 
assignment. 
GC-MS spectrum48 (Figure 6) and high-resolution MS data48 
(Table 3) also confirmed our assignment. The major peaks in 
Figure 6 are characterized as follows: m/z 277 (M+), m/z 278 
(M+l, the ion in which a proton is attached to the sulfone of 
the parent molecule, which is the reason why there were 17 
hydrogen atoms in Table 3, since methanol was used as 
solvent), m/z 279 (M+2, chlorine, sulfur), m/z 178 (M 
S02Cl), m/z 135 (M - CONS02Cl); m/z 93 (loss of cyclopropane 
ring and CONS02 Cl) 
Table 3 shows the most compatible formula is C11H17ClN03 S, 
but, as stated above, the additional proton came from methanol 
(solvent) . Therefore the molecular formula of B-lactam 73 is 
C11H16ClN03 S. 
Anal. (HRMS48 ) Calcd for C11H16 ClN03 S: 277.053943; found: 
278.061600. 
Rearrangement of N-Chlorosulfonyl-S-lactams to r-Lactams. 
In previous studies, 6 the N-chlorosulfonyl-B-lactams (Scheme 




















































































































































































































































































































































































































































































































































































































































































expansion to the related r-lactams under the conditions6 of 
ether, room temperature and 24 hours, while the present 
results showed there were no such expansion rearrangements 
observed except for compound 49 under identical conditions. 
The :15-lactam 71 was unstable and spontaneously rearranged 
to the :IS, r-unsaturated N-chlorosulfonylamide 83 instead of 
the r-lactam 85 (Scheme XVI) after several days (1H NMR o 
10. 72: N-H; o 5. 24: HC=C) . The reason why no r-lactam 
resulted is likely that the process 82 -> 84 is a 2° -> 3° 
shift, and the two migrating protons are not antiperiplanar. 
The unsaturated amide 83 is also thermodynamically more 
stable. 50 
The unsaturated amide 83 is characterized as N-
chlorosulfonyl- (2-methyl) 2-cyclohexenamide by 1H and 13C NMR 
spectroscopy. 
There was also no rearrangement from the :15-lactam 73 to 
the r-lactam 88 observed in the CSI reaction (Scheme XVII) . 
The reason is similar to the case of 71, but 73 is stable. 
The fact that 73 did not undergo rearrangement during the CSI 
reaction is compatible with another report. 38 
:15-Lactam 48 (Scheme XVIII) existed as intermediate53 and 
rearranged to r-lactam 49 afterwards. 37 ' 38 The reason why 48 
underwent ring expansion to 49 should be due to the two highly 
-35-
Scheme XVI 
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strained rings (rings A and B are both four-membered rings) in 
48, and that A tends to undergo ring cleavage followed by the 
rearrangement of the carbocation (89) to (90) (even though it 
was a 3° -> 2° shift38 ) together with another ring cleavage 
(ring B) . As a result the more stable r-lactam 49 was formed 
with two less strained rings (C) and (D) (both are five-
membered rings) . In fact, from the point of view of the 
expansion of ring B, it resembles a Wagner-Meewein 
rearrangement . 54 
Other workers 37 ' 38 and our studies6 show that when a 
carbonyl stretch at 1780-1760 cm- 1 in IR is observed, together 
with two sulfone stretches at about 1400 and 1200 cm- 1 , it is 
reasonable to conclude that a N-chlorosulfonyl r-lactam (such 
as 49) has resulted; the lower IR absorption frequency is due 
to the loss of the strain in a four-membered ring. 
:l.S-Lactams 74 and 75 also did not undergo rearrangement to 
r-lactams (93) during the CSI reactions, though this process 
was anticipated to be quite facile since both compounds can 
form a benzylic cation at the C5 position for the migration of 
the carbocation 91 to 92 (Scheme XIX) . Therefore ArCH/ is 
evidently not electrophilic enough for the migration to occur. 
The result is in conflict with the previous studies, 6 
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There were also no :IS- to r-lactam rearrangements observed 
when these two :IS-lactams were refluxed in ether for 24 hours. 
The :IS-lactams were recovered unchanged in 90.3% and 93.5% 
yields, respectively. 
Because we were able to obtain pure N-chlorosulfonyl :IS-
lactams (especially 74 and 75) instead of r-lactams under the 
conditions6 (ether, room temperature, 24 hours) of the CSI 
reaction, it is reasonable to conclude that these conditions 
are too mild for the N-chlorosulfonyl :IS-lactams to rearrange 
to their r-lactam analogs. 
With several grams of :IS-lactam 74 in hand, therefore, 
different conditions were tried with 74 to elicit the :IS- to r-
lactam conversion. 
(1) Effect of temperature. Compound 74 was melted at 80 
°C (m.p.) under nitrogen and kept at this temperature for six 
hours. Its color turned to black-brown. TLC showed 74 was 
consumed. The IR spectrum showed that the peak at 1802 cm- 1 
had moved to 1670 cm- 1 and that an absorption at 3300 cm- 1 had 
appeared, probably corresponding to an N-H stretch. These 
data indicated that an unsaturated N-chlorosulfonylamide had 
probably resulted. 
The same experiment was conducted at 70, 60 and 50 °C, 
with identical results. 
-39-
L 
(2) Effect of Solvents. The :IS-lactam 74 was dissolved in 
dimethylsulfoxide (DMSO) and also in dimethylformamide (DMF), 
but they both caused immediate decomposition to the 
unsaturated N-chlorosulfonylamide based on the IR spectra. 
And, absolute ethanol also made 74 decompose to the 
unsaturated N-chlorosulfonylamide in six hours at 40 °C, 
though it was used in recrystallizing 74 (ethanol:hexane = 
1:5) but in short time. 
When tetrahydrofuran was employed as the solvent for 74, 
part of the :IS-lactam decomposed after the mixture was refluxed 
overnight and l-phenyl-2-methyl-1-propene (97) was obtained 
(in 19.5% yield), which was confirmed by IR and NMR 
spectroscopy. Scheme XX shows the possible pathway for 74 to 
decompose to 97. The :IS-lactam 74 was also recovered in 70.3% 
yield. 
(3) Effect of Catalysts 
(i) Magnesium bromide (MgBr2 ). This catalyst was used 
under the same conditions (ether, room temperature, six hours) 
in which the ring expansion of :IS- to r-lactones occurs 
readily. 1 a However, no evidence for r-lactam formation was 
obtained, and the unsaturated N-chlorosulfonylamide was the 
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(ii) Titanium tetrachloride (TiC1 4 ) was also tried as a 
catalyst. No r-lactam was obtained, and again, the 
unsaturated N-chlorosulfonylamide apparently resulted (same IR 
spectrum) . 
(iii) Silver trifluoromethanesulfonate (CF3 S03Ag) . This 
potent source of silver(I) caused consumption of 74 within 30 
minutes when it was added to a solution of 74 and acetonitrile 
(solvent) , and an IR spectrum showed that the unsaturated N-
chlorosulfonylamide had resulted. 
(iv) Silver tetrafluoroborate (AgBF4 ). This reagent also 
caused 74 to convert to the unsaturated N-chlorosulfonylamide, 
but much more slowly (24 hours) than silver triflate. A 
similar IR spectrum to that in (iii) was obtained. 
(v) Zinc chloride (ZnC1 2 ). Zinc (II) behaved similarly 
to AgBF4 , using dichloromethane as solvent. 
The reason why a B-lactam such as 74 failed to rearrange 
to r-lactam could be due to its ease of rearranging to the 
unsaturated N-chlorosulfonylamide (originally a by-product of 
the CSI reaction), and sensitivity to catalytic conditions. 
The possible rearrangement products of a N-chlorosulfonyl 
B-lactams are summarized in Scheme XXI. 
From the above discussions, including the successful 
rearrangement of B-lactam 48 to r-lactam 49, and by checking 
-42-
the conditions for Wagner-Meerwein rearrangement, 54 we deduce 
a likely important condition for the rearrangement of N-
chlorosulfonyl :IS-lactam to N-chlorosulfonyl r-lactam, i.e., a 
strained ring (three-, four- or five-membered ring) at C5 
position next to the :IS-lactam ring is necessary for the :IS- to 
r-conversion to occur. 
Several suggested candidate reagents are shown in Scheme 
XXII to test this hypothesis. The first and third equations 
show, in addition to the :IS- to r-lactam ring expansion, a 3-
to 4-membered ring expansion, while the second and fourth 
equations show a 4- to 5-membered ring expansion, and a 5- to 
6-membered ring expansion (also with a 7- to 6-membered ring 
contraction spontaneously in the fourth eqn. ) , re spec ti vely. 
It would be worthwhile to study other reactions similar 
to the first eqn. in Scheme II (pg 3), as shown in Scheme 
XXIII. 
In the future, it would also be educational to take 
advantage of the fourth and fifth reactions in Scheme I (pg 2) 
to realize the rearrangement from :IS- to r-lactams. 

























.··''~o ti C(o- C(-- CN'so,c1 ___. ct)=o 
- N 










H Br C102s/[ j( CSI MgBr2 > y Br > 
125 126 129 
i I 






> rH > 
130 




1. Several N-chlorosulfonyl :15-lactams have been 
synthesized in pure form (Table 2) by the cycloaddition of 
alkenes to chlorosulfonylisocyanate (CSI) . Some of them were 
synthesized for the first time such as 71, 74 and 75; 73 was 
obtained as pure crystals instead of liquid. 
2. The mechanism of the rearrangement of N-chlorosulfonyl 
:15-lactams has been studied. The products of rearrangements 
depend mainly on the electrophilicity and stability of the 
carbocations after the four-membered rings of :15-lactams are 
cleaved. The most stable carbocations lead to the predominant 
products, which could be r-lactams, a,:15- or :15,r-unsaturated 
amides and even some alkenes (Scheme XXI) . It might be 
necessary for a :15-lactam to have strained carbocyclic ring(s) 
next to the C4 atom to undergo rearrangement to r-lactam 
(Scheme XXI I) . 
3. The N-chlorosulfonyl :15-lactams all have higher wave-
numbers for the stretching bands of their carboxyl groups at 
1800-1810 cm- 1 in IR spectra than the N-chlorosulfonyl r-
lactams at 1780-1760 cm- 1 , respectively, which provides a 
simple way of identifying N-chlorosulfonyl r-lactams from :IS-
-47-
lactams. 
4. In the CSI reactions, trisubstituted alkenes are 
consumed completely, while the less substituted alkenes are 
left more at the end of the reactions. 
5. Our studies show that some analogy between lactams and 
lactones does occur, not only in their synthesis, but also in 
their rearrangements. 
6. Further studies should include: 
(1) checking more in detail on the effects of solvents, 
catalysts, and temperature, as well as combinations of these 
variables. 
(2) choosing alkenes with strained rings next to the more 
substituted vinyl carbons (Scheme XXII) ; 
(3) carrying out the reactions shown in Scheme XXIII to 
synthesize the r-lactams similar to that in the first eqn. of 
Scheme II (pg 3); 
(4) providing some functional groups, such as halogens 
attached to the C5 atom (B to N1 atom) or C3 atom, as shown in 
Scheme XXIV, to make the rearrangement of B- to r-lactams more 
facile and predominant. 
-48-
EXPERIMENTAL SECTION 
Materials and General Methods. All reagents were 
purchased from Aldrich Chemical Company, Inc. except 24, which 
was obtained from Sigma Chemical Company, Inc. All reactions 
and distillations were performed under nitrogen, and 
glassware, including syringes, was dried in an oven at 120 °C 
for at least four hours before use. Tetrahydrofuran (THF) was 
distilled from potassium and benzophenone, diethyl ether from 
sodium and benzophenone, and dichloromethane from calcium 
hydride. Alkenes and liquid ketones were distilled before use 
whenever necessary. Thin layer chromatography (TLC) was 
performed on Analtech silica gel G (250 um) plates using 
specified solvents as eluents. Gravity chromatography was 
done on Aldrich silica gel (70-230 mesh). Solvents were 
removed with a rotary evaporator and under high vacuum when 
necessary. Infrared spectra were obtained on a Perkin-Elmer 
1319 IR spectrophotometer. 1H and 13C spectra were acquired on 
a GE QE-300 FT-NMR spectrometer. Mass spectra were run on 
Hewlett Packard 5890 Series II Gas Chromatography/5971 Series 
Mass Selective Detector. Melting points were measured on a 
MEL-TEMP II. High-resolution GC-MS spectra were obtained from 
-49-
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the Mass Spectrometry Laboratory, University of Illinois at 
Urbana-Champaign. 
General Method42 ' 43 for Synthesis of Alkenes from Ketones. 
A three-neck, round-bottom flask was set up with a nitrogen 
bubbler, magnetic stirrer, and reflux condenser. The flask was 
charged with tetrahydrofuran (120 mL), followed by freshly 
activated zinc dust (5 eq.) and lead (II) chloride43 (5% in mol 
of zinc) . The mixture was stirred for 20 minutes, then 
diiodomethane ( 3 eq.) was added dropwise. The resulting 
mixture was stirred at room temperature with a water bath 
until an exotherm was observed (and the color of the mixture 
turned to dark-gray from light-gray) . After the mixture had 
cooled down to room temperature, 1 M tetrachlorotitanium-
dichloromethane solution (1.2 eq. in TiC1 4 ) was added 
dropwise. After 30 minutes the ketone (1 eq.) in 
tetrahydrofuran (5 mL) was added dropwise and the mixture was 
stirred for half an hour. Ether (60 mL) was added to dilute 
the mixture which was then poured into 1 M hydrochloric acid 
(100 mL) . The ether layer was washed with brine (100 mL) and 
dried with magnesium sulfate. The solvents were then removed 
and the crude product was purified by column chromatography 
with hexane as the eluent to give a pure colorless oil. 
-50-
2- {Phenylmethyl) -1-propene (61) from phenylacetone (60): 
a colorless oil was obtained in 85.4% yield (2.525g, 19.10 
mmol); IR (neat) 3065, 3020, 1640, 1595, 1490, 1440, 890, 730, 
690 cm-1 . 1H NMR (CDC1 3) 6 7. 35-7. 20 (m, SH, Ar H), 4. 80 (d, 
2H, C1H), 3.36 (s, 2H, C3H), 1.72 (s, 3H, C4H); 13 C NMR (CDClJ 
6 145.50 (C2 ), 139.98, 129.07, 128.44 and 128.23 (Ar carbons), 
112. 07 (C1) , 44. 83 (C4), 22 .19 (CJ ; MS m/z 132 (M+) , m/z 117 
(M - CH3), m/z 91 [M - C (CH3) =CH2 ]; TLC (hexane) Rf 0. 37. 
Lit.ss: IR (neat) 3070, 3030, 1645, 1590, 1500, 1450, 890, 
7 4 0 I 6 9 5 i 1 H NMR ( CD cl 3 ) 6 7 . 2 0 I 4 . 7 3 I 3 . 3 3 I 1 . 7 2 . 
3-Phenyl-2-{phenylmethyl)-1-propene (63) from 1,3-
diphenylacetone (62): a colorless oil was obtained in 75.8% 
yield (2.635g, 12.65 mmol); IR (neat) 3080, 3020, 1635, 1596, 
14 9 O , 14 4 5 , 1O7 O , 1O3 5 , 8 9 O , 7 4 O , 6 9 O cm-1 . 1 H NMR (CDC 1 3 ) 6 
7 . 5 O - 7 . 2 5 ( m , 1 OH , Ar H) , 4 . 9 5 ( s , 2 H , C 1 H) , 3 . 4 O ( s , 4 H , 
C3,4H); 13C NMR (CDClJ 6 148. 54 (C2 ), 139. 70, 129. 33, 128. 54 and 
126. 36 (Ar carbons), 113. 62 (C1), 42. 41 (C3,4) ; TLC (hexane) Rf 
0.21. 
Anal. (HRMS 48 ) Calcd for C16H16 : 208.125203; found: 
208.125164. 
2,3-Diphenyl-1-pentene (65) from 1,2-diphenyl-1-butanone 
-51-
(64): a colorless oil was obtained in 62.0% yield (2.403g, 
10.81 mmol); IR (neat) 3080, 3020, 1620, 1590, 1490, 1445, 
1020, 900, 770, 695 cm-1; 1H NMR (CDC1 3) O 7.32-7.18 (m, lOH, 
Ar H), 5.42 (s, lH, C1H), 5.22 (s, lH, C1H), 3.70 (t, lH, 
C3H) ,1.99-1.84 (m, 2H, C4H), 0.94 (t, 3H, C5H); 13 C NMR (CDC1 3) 
0 15 2 . 0 7 ( C2) I 14 3 . 6 7 I 14 3 . 0 0 I 12 8 . 51 , 12 8 . 4 4 I 12 8 . 2 8 I 12 7 . 3 2 I 
127. 04 and 126 .40 (Ar carbons), 113. 32 (C1), 52. 70 (C3), 28. 35 
(C4), 12.97 (C4); TLC (hexane) Rf 0.20. 
Anal. (HRMS48 ) Calcd for C17H18 : 222 .140851; found: 
222.140765. 
l-Cyclobutyl-1-phenylethene (67) from cyclobutyl phenyl 
ketone ( 6 6) : a colorless oil was obtained in 6 7. 3 % yield 
(2.526g, 15.96 mmol); IR (neat) 3080, 3020, 1620, 1595, 1490, 
14 4 O , 8 9 O , 7 7 O , 7 0 0 cm-1 ; 1 H NMR (CDC 1 3 ) o 7 . 5 0 - 7 . 2 5 ( m, 5 H, Ar 
H), 5.25 (d, 2H, C1H), 3.55 (5, lH, C3H), 2.30 and 2.10 (m, 4H, 
C4, 6H), 2. 20-1. 80 (m, 2H, C5H); 13C NMR (CDC1 3) o 152. 08 (C2), 
140.80, 128.26, 127.31 and 126.17 (6C, Ar C), 109.83 (C1), 
39. 65 (C3), 28. 51 (C4, 6 ), 17. 89 (C5 ) ; TLC (hexane) Rf O. 57. 
Anal. (HRMS48 ) Calcd for C12H14 : 158 .109552; found: 
158.109562. 
General Method6 ' 37 ' 38 for Synthesis of N-Chlorosulfonyl :B-
-52-
L 
or r-Lactams from Alkenes and Chlorosulfonylisocyanate (CSI) : 
Freshly distilled diethyl ether (30-50 mL) was added to a 
three-neck, round-bottom flask with a nitrogen bubbler, 
magnetic stirrer, and septa followed by an alkene (1 eq.). 
Chlorosulfonylisocyanate (2 eq.) was then added dropwise at 
room temperature. The mixture was stirred for 24 hours at 
room temperature and then 30 mL of ether was added to dilute 
the mixture which was poured onto 40-60 g of cracked ice. The 
organic phase was washed twice with water (30 mL). The 
solvent was then removed and the resulting crude product was 
purified through column chromatography with dichloromethane to 
yield colorless oil, which was then put under high vacuum to 
induce crystallization. Pure white crystals were obtained 
after recrystallization with a 1: 5 solution of absolute 
ethanol and hexane. 
2-Chlorosulfonyl-1-methyl-2-azacyclo[4.2.0]nonan-3-one 
(71) from 1-methyl-1-cyclohexene (70) : a colorless oil was 
obtained in 72.6% yield (1.794 g, 7.547 mmol); IR (neat) 1800 
(C=O) , 1396 and 1165 (802 ) cm- 1 ; 1H NMR (CDC1 3 ) o 3 .16 (d of d, 
lH, C4H), 2. 24 (m, lH, C5He), 1. 90 (m, lH, C8He), 1. 77 (m, 2H, 
CsHa, and CaHJ I 1.70 (s, 3H, CgH) I 1.70-1.50 (m, 4H, c6,7H); 13 C 
NMR (CDC1 3 ) o 165.29 (C3 , carbonyl C), 69.80 (C1 ), 55.76 (C4 ), 
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29.70 (C5), 24.87 (C9 ), 19.30 (Ca), 17.Sl (C617 ), 17.0S (C716 ); 
TLC (CH2Cl2) Rf 0. S9. 
Anal. (HRMS4 a) Calcd for CaH12ClN03S: 237.022621; found: 
2 3 8 . 0 3 0176 . (cf . pg 3 2 ) 
N-Chlorosulfonyl-2-methyl-2-cyclohexenecarboxamide (83) : 
viscous oil; 1H NMR (CDC1 3) o 10.24 (m, N-H), S.72 (t, lH, 
C3H) , 3. 06 (t, lH, C1H) , 2. OS (m, 2H, C4 H) , 1. 9S (m, 2H, C6H) , 
1.70 (s, 3H, C7H), 1.S8 (m, 2H, C5H); 13C NMR (CDCl3) 0 173.00 
(lC, carbonyl C), 128. 09 (C3), 47. S9 (C1), 26. 72 (C6), 24. 73 
( C4 ) , 2 2 . 3 S ( C7) , 19 . 19 ( C5) . 
4-Chlorosulfonyl-3,9,9-trimethyl-4-
azattricyclo[6.1.0.03'6]nonan-5-one (73) from 3-carene (72): a 
white crystalline solid was obtained in S6.7% yield (2.312 g, 
8.323 mmol); m.p. 61-62 °C; IR (CH2Cl 2) 1806 (C=O), 139S and 
1178 (802) cm-1; NMR (CDC1 3) : 1H o 3. 07 (d of d, lH, C6H), 2. 60 
(d of d, lH, C2He) I 2.27 (m, lH, C7He) I 1.68 (s, 3H, C10H) I 1.lS 
(m, lH, C7Ha), 1.03 (m, lH, C2Ha), 1.07 (s, 3H, C11H), 0.98 (s, 
3H, C12H), 0.81 (m, 2H, C1,aH); 13 C o 164.64 (C5), 68.87 (C3), 
SS. 91 (C6), 28. 06 (C11 ), 26. 73 (C2), 23. 93 (C10 ) , 18. 37 (C9 ), 
17.42 (C1), 17.03 (C7), 16.83 (Ca), 14.96 (C12 ); m/z 277 (M+), 
m/z 278 (M+l, sulfone, M+H), m/z 279 (M+2, chlorine, sulfur), 
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m/z 178 (M - S02Cl), m/z 135 (M - CONS02Cl); m/z 93 (loss of 
cyclopropane ring and CONS02Cl) ; TLC ( CH2ClJ Rf 0. 64. Li t 38 : 
IR (neat) 1807, 1403, 1165 cm-1; NMR (CDC1 3) 6 3.07 (d of d, 
lH, C6H), 2.75-1.85 (broad m, 2H, C2He and C7He), 1.71 (s, 3H, 
c10H), 1.00 and 1.09 (s, each 3H, CllH and C12H), 1.35-0.60 (m, 
4H, other ring protons) . 
Anal. (HRMS 48 ) Calcd for CllH16ClN03S: 277.053943; found: 
278.061600. 
3 - Ch 1orosu1fony1 - 1, 8, 8 - trim et hy 1 - 3 -
azatricyclo[4.2.l.0 3 ' 7 ]nonan-4-one (49) from a-pinene (47): a 
white crystalline solid was obtained in 54.6% yield (1.113 g, 
4. 007 mmol); mp 66-67 °C; IR (CH2Cl 2) 1766 (C=O), 1402 and 1172 
(802) cm-1; 1H NMR (CDC1 3 ) 6 4 .19 (d, lH, C3H), 2. 45 (d, lH, C6H), 
2.38-2.20 (m, 2H, c2,9He) I 2.00 (t, lH, C1H) I 1.75 (d, lH, C2Ha) I 
1. 62 (d, lH, C9HJ, 1.13 (s, 3H, c 10H) , o. 94 (d, 6H, cll, 12H) ; 13 C 
NMR (CDCl3) 0 174. 86 (C5) I 68. 88 (CJ I 56. 08 (C9) I 49. 44 (C6) I 
47. 91 (C7) I 46. 20 (Cl) I 34. 40 (C2) I 33. 20 (Cg) I 19. 52 (Cll) I 
18.85 (C10 ), 11.52 (C12 ); TLC (CH2Cl 2) Rf 0.49. Lit 38 : IR (KBr) 
1768, 1406, 1167 cm-1; NMR (CDC1 3 ) o 4. 20 (d, lH, C3H) , 2. 53-
1. 44 (m, 6H, methine and methylene protons), 1.15 (s, 3H, 
c10H) , o. 97 ( s, 6H, ell, 12H) . 
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l-Chlorosulfonyl-4-methyl-4-(phenylmethyl)azetidin-2-one 
(74) from 2-(phenylmethyl)propene (61): a white crystalline 
solid was obtained in 26.7% yield (2.41S g, 8.822 mmol); mp 
79-80 °C; IR (CH2Cl2) 1802 (C=O) I 1398 and ll 7S (S02) cm- 1 i 1 H 
NMR (CDC1 3) 0 7. 36-7. 20 (m, SH, Ar H), 3. 36 (d, lH, C3H6 ), 3. 23 
(t, 2H, C5H), 2.83 (d, lH, C3HJ, 1.84 (s, 3H, C6H); 13 C NMR 
(CDC1 3) o 161.04 (C2), 134.40, 130.19, 128.99, and 127.81 (6C, 
Ar C), 69. 43 (C4 ), 47. 93 (C5), 43. 71 (C3 ), 23. 37 (C6); MS 48 m/z 
273 (M+), m/z 274 (M + 1, N and 802), m/z 27S (M + 2, Cl and 
S), m/z 182 (M - PhCHJ , m/z 132 (M - 0=C=N-S02Cl), m/z 118 
(PhCH2C'CH3), m/z 91 (PhCH/); TLC (CH2Cl 2) Rf O. 60. 
Anal. (HRMS 48 ) Calcd for C11H12 ClN03S: 273. 022642; found: 
273.02280S. 
1-Phenyl-2-methyl-1-propene (97): colorless oil; IR 
(neat) 3080, 3020, 16SO, 1S9S, 1490, 1440, 890, 770, 700 cm- 1 ; 
1H NMR (CDC1 3) o 7.40-7.20 (m, SH, Ar H), 6.30 (s, lH, C1H), 
1. 90 (d, 6H, two CHJ; 13 C NMR (CDClJ o 139. oo (C2), 13S. 80, 
128.77, 128.07 and 12S.81 (6C, Ar C), 12S.14 (C1 ), 26.9S (C3), 
19. 4S (C4 ) ; TLC (CH2Cl2) Rf 0. 82. 
l-Chlorosulfonyl-4,4-(diphenylmethyl)azetidin-2-one (75) 
from 3-phenyl-2-(phenylmethyl)propene (63): a white 
-56-
crystalline solid was obtained in 51.3% yield (1.829 g, 5.228 
mmol); mp 99-100 C; IR (CH2Cl 2 ) 1805 (C=O), 1395 and 1170 (802 ) 
cm-1; 1H NMR (CDCl3) 0 7.42-7.20 (m, 10 H, Ar H)' 3.53 (d, 2H, 
C5 ; 6H), 3.33 (d, 2H, C6 ; 5H), 3.08 (s, 2H, C3H); 13CNMR (CDC1 3) O 
160.85 (1 C, carbonyl C), 134.13, 130.50, 129.07 and 127.92 
(12C, Ar C), 72. 99 (C4 ), 44. 28 (C3), 41. 50 (C5 , 6 ) ; MS48 m/z 349 
(M+), m/z 350 (M + 1, N and 802 ), m/z 351 (M + 2, Cl and S), 
m/z 251 (M - S02Cl + H) , m/z 233 (M - S02Cl - OH) , m/z 208 (M -
O=C=N-S02Cl), m/z 118 (PhCH2 C"=CH2 ), m/z 91 (PhCH2+); TLC 
( CH2 C1 2 ) Rf 0 . 6 6 . 
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Table 4: High-Resolution MS Data of B-Lactam 74 
Elemental Composition Date 1-MAY-1995 
Heteroatom Max: 20 Ion: Both Even and Odd 
Limits: 
-0.5 0 0 0 0 0 0 
273.022805 10.0 20.0 50 100 4 6 2 2 
Mass mDa PPM Cale. Mass DBE c H N 0 s Cl 
273.022805 -0.2 -0.6 273.022643 6.0 11 12 1 3 1 1 
0.3 1. 2 273 .023130 1. 5 8 15 2 2 1 2 
-0.6 -2.4 273.022156 10.5 14 9 4 1 
0.7 2.5 273.023493 15.5 15 5 4 1 
-0.9 -3.1 273.021951 15.5 17 6 2 1 
1. 0 3.6 273.023781 10.5 16 11 2 
-1. 3 -4.8 273.021505 1. 5 6 13 2 6 2 
-1.3 -4.9 273.021464 20.0 20 3 1 1 
1.4 5.1 273.024185 6.0 9 11 3 3 2 
-1. 5 -5.5 273.021300 6.5 9 10 4 2 1 1 
1. 9 6.8 273.024672 1. 5 6 14 4 2 2 1 
-2.0 - 7. 3 273.020813 11.0 12 7 3 3 1 
2.0 7.4 273.024836 15.0 17 7 1 1 1 
2.5 9.2 273.025323 10.5 14 10 2 1 1 
2.7 10. 0 273.025528 5.5 11 13 4 2 
-2.8 -10.4 273.019963 1. 5 8 14 6 1 1 
-3.0 -11. 2 273.019758 6.5 11 11 2 2 2 
3.2 11. 7 273.025994 11. 5 11 5 4 5 
3.2 ll. 8 273.026015 1. 0 8 16 1 3 2 1 
-3.5 -12.9 273.019271 ll. 0 14 8 1 3 1 
-4.0 -14 . 7 273.018784 15.5 17 5 4 
4.1 14. 9 273.026865 10.5 12 9 4 2 
-4.2 -15.3 273.018620 2.0 6 12 3 5 1 1 
4.3 15.9 273 .027153 5.5 13 15 1 2 
4.5 16.6 273.027337 11. 0 13 7 l 6 
-4.7 -17. 1 273.018133 6.5 9 9 2 6 1 
-4.9 -17.8 273.017949 1. 0 9 17 1 2 2 
-4.9 -17. 9 273.017928 11. 5 12 6 4 2 1 
5.0 18.4 273.027824 6.5 10 10 2 5 1 
-5.3 -19.6 273.017462 5. 5 12 14 1 2 1 
-5.4 -19.6 273.017441 16.0 15 3 3 3 
5.4 19.8 273.028208 10.0 14 11 1 1 2 
5. 5 20.2 273.028312 2.0 7 13 3 4 2 
-5.7 -21.0 273.017078 2. 0 8 13 1 5 2 
5.9 21. 6 273.028695 5.5 11 14 2 2 1 
-6.2 -22.8 273.016591 6.5 11 10 6 1 
6.6 24.0 273.029366 6.5 8 9 4 5 1 
-6.7 -24 . 5 273.016119 6.0 10 12 3 2 1 
6.8 25.1 273.029654 1.5 9 15 5 2 
- 7. 1 -25.9 273.015735 2.5 6 ll 4 4 2 
-7.2 -26.3 273. 015632 10.5 13 9 2 1 2 
7.2 26.4 273.030017 15.5 16 5 2 3 
-7.6 -27 .7 273.015248 7.0 9 a 3 5 1 
7.7 28.2 273. 030504 11. 0 13 a 3 2 1 
7.7 28.3 273. 03052 5 0.5 10 19 2 2 
7.9 29.0 273. 030709 6.0 10 11 1 6 1 
-8.0 -29.5 273.014761 11. 5 12 5 2 6 
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16 54 130. so 
17 0 130.82 
18 10 134. 13 
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Table 5: High-Resolution MS Data of g-Lactam 75 
Elemental Composition Date 1-MAY-1995 
Heteroatom Max: 20 Ion: Both Even and Odd 
Limits: 
-0.5 0 0 0 0 0 0 
349.054043 10.0 20.0 50 100 4 6 2 2 
Mass mDa PPM Cale. Mass DBE c H N 0 s Cl 
349.054043 -0.1 -0.3 349.053943 10.0 17 16 1 3 1 1 
0.4 1. 1 349.054430 5.5 14 19 2 2 1 2 
-0.6 -1. 7 349.053456 14. 5 20 13 4 1 
0.6 1. 7 349.054635 0.5 11 22 6 2 1 
-0.8 -2. 1 349.053292 1. 0 9 20 3 5 2 1 
0.8 2.2 34'.1.054793 19.5 21 9 4 1 
-0.8 -2.3 349.053251 19.5 23 lO 2 1 
1. 0 3.0 349.055081 14.5 22 15 2 
-1. 2 -3.5 349.052805 5.5 12 17 2 6 2 
-1. 4 -4 . 1 349.052600 10.5 15 14 4 2 1 1 
1. 4 4 . 1 349.055485 10.0 15 , ~ • :i 3 3 2 
-1. 9 -5.5 349.052113 15.0 18 : 1 3 3 1 
1. 9 5. 5 349.055972 5. 5 12 18 4 2 2 1 
2.1 6.0 349.056136 19.0 23 11 l , 1 
" 
-2.3 -6.6 349.051750 1. 0 11 21 1 5 1 2 
2.6 7.4 349.056623 14.5 20 14 2 1 1 
-2.8 -8.0 349.051263 5.5 14 18 6 1 1 
2.8 8.0 349.056828 9.5 17 17 4 2 
-3.0 -8.5 349.051058 10.5 17 15 2 2 2 
3.3 9.3 349.057295 15.5 17 9 4 5 
3.3 9.4 349.057315 5.0 14 20 1 3 2 1 
-3.5 -9.9 349.050571 15.0 20 12 1 3 1 
-3.6 -10.4 349.050408 1.5 9 19 4 4 l 2 
3.8 10.8 349.057802 0.5 11 23 .., 2 2 2 .. 
-4.0 -11. 3 349.050084 19.5 23 9 4 
-4.1 -11. 8 349.049920 6.0 12 :6 3 5 1 1 
4.1 11.8 349.058165 14. 5 18 13 4 2 
4.4 12.6 349.058453 9.5 19 :9 1 2 
4.6 13. 2 349.058637 15.0 19 11 1 6 
-4.6 -13. 2 349.049433 10.5 15 13 2 6 1 
-4.8 -13. 7 349.049249 5.0 15 21 1 2 2 
-4.8 -13. 8 349.049228 15.5 18 10 4 2 1 
5. 1 14 . 6 349.059125 10.5 16 14 2 5 1 
-5.3 -15. 1 349.048762 9.5 18 18 1 2 1 
-5.3 -15.2 349.048741 20.0 21 7 3 3 
5.5 15.7 349.059508 14.0 20 15 1 1 2 
5.6 16.0 349.059612 6.0 1J 17 3 4 2 
-5.7 -16.: 349.048378 6.0 14 17 ~ 5 2 
6.0 17 . 1 349.059995 9.5 17 18 2 2 1 
-6.2 -17.6 349.047891 10.5 17 14 6 1 
-6.6 -19.0 349.047419 10.0 16 , -.o 3 2 1 
6. 6 19. 0 349.060667 10.5 14 1J 4 5 1 
6.9 19.8 349.060954 5.5 15 19 5 2 
-7.0 -20.1 349.047036 6.5 12 15 4 4 2 
-7.1 -20.4 349.046932 14.5 19 13 2 1 2 
7.3 20.3 349.061317 19.5 22 9 2 3 
-7.5 -21.4 349.046569 0.5 12 23 3 
..., 2 ;. 
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